I. Introduction
The coast of Bay of Bengal is characteristically different from the other tropical coasts of the world primarily due to the huge amount of fresh water runoff (1.5 x 10 12 m 3 per year) and the associated sediment load (two billion tons) it receives through its basin (Kumar et al., 2006) . Here, one of the world's greatest rivers, the Lower Meghna River finds its way to the Bay of Bengal (Figure1). The Lower Meghna conveys the combined flows of the Brahmaputra (called in Bangladesh Jamuna), the Ganges, and the Upper Meghna. The sediment discharge from the Lower Meghna River is the highest (Coleman, 1969 ) and the water discharge, the third highest, of all river systems in the world (Milliman, 1991) . The hydrodynamic factors that are playing dominant role in morphological development along the coast line of Bangladesh are; enormous volume of river water flow, sediment transport, strong tidal and wind actions, wave, salinity and cyclonic storm surge (Uddin et al., 2014) . These hydrodynamic factors and their interactions create a complex pattern of sediment displacement in the estuary and shape the morphology of the estuary. The knowledge about the physical processes and morpho-dynamic behavior of the Lower Meghna Estuary system is still fairly limited. But to formulate long term development strategies in the region, it is very important to recognize the characteristics of different physical factors that contribute to the hydrodynamics and erosion-accretion processes through movements of sediment in the Meghna Estuary. Keeping this fact in mind, to enhance the knowledge of the complex hydrodynamic and morphological process in the Meghna estuary, a two dimensional general model of Bay of Bengal was developed under cyclone shelter preparatory study (CSPS, 1998) undertaken by Bangladesh Government and the model was updated later during other projects. The morphology module is coupled to the hydrodynamic module in MIKE 21 Flow Model FM version of MIKE ZERO environment and they run in parallel. The present article focuses mainly on the calibration of morphology model with the help of satellite image generated sediment concentration data. This article also discusses development of model, its set-up, boundary conditions and few calibration results against observed data for the morphology model.
Remote sensing is a rapidly growing multidisciplinary science applied in coastal engineering research due to the ability to collect information regarding spatial and temporal question in a cost-effective way for the water resources engineers (Adam et al, 2015) . During recent years many scientists have applied remote sensing technology to generate turbidity data, using which, it is possible to calculate sediment concentration data for a particular location, as there is established relationship between turbidity and sediment concentration.
Since the cohesive sediment transport modelling is still an empirical science and particularly for the Bay of Bengal, data used for calibration purpose is not continuous and not available for long duration say even for a complete tidal cycle, the calibration results are not coming always up to a satisfactory level. To overcome this constraint, effort is given in the present study to generate sediment concentration data with the help of satellite image and calibrate the sediment transport model more accurately and effectively.
II. Methodology
A mathematical model usually describes a system by a set of variables and a set of equations that establish relationships between the variables. MIKE 21HD simulates the water level variations and flows in response to a variety of forcing functions resolved on a rectangular or triangular grid covering the area of interest when provided with the bathymetry, bed resistance coefficients, wind field, hydrographic boundary conditions etc. The hydrodynamic module solves the vertically integrated equations of continuity and conservation of momentum in two horizontal dimensions. When the hydrodynamic model set up is prepared, simulated and calibrated properly then the sediment transport module is added to run the morphology model.
Morphology Model simulation
In the MIKE 21 FM modelling system, the transport of fine-grained material (mud) has been included in the Mud Transport module (MT), linked to the Hydrodynamic module (HD). In other words the cohesive sediment transport module is coupled to the hydrodynamic module and they run in parallel. The governing equation for sediment transport is solved on the same mesh and applies information on water levels and currents from the hydrodynamic module to calculate the sediment transport. The sediment transport module mainly solves the following advection-dispersion equation:
Where is depth averaged concentration (g/m³); u, v are depth averaged flow velocities (m/s), , are dispersion coefficients (m²/s), h is water depth(m), S is dispersion / erosion term (g/m³/s), is source discharge per unit horizontal area (m³/s/m²), is concentration of the source discharge (g/m³).
Data used for model simulation
Mainly four types of data were collected from secondary sources and were analyzed for hydrodynamic and morphology model set up preparation and simulation. The types of data used are: bathymetry or land level data, water level data, discharge data and sediment concentration data. Bathymetry data provides the land level or water-land boundary of model domain, water level data are used for boundary condition and calibration of HD model, discharge data also used for calibration of HD model and sediment concentration data are used for calibration of morphology model. Each type of data was checked for their consistency and only the consistent data were used for boundary and calibration purpose.
Mesh Generation and Bathymetry Development
Objective of mesh generation is to divide the whole model area in to a number of individual triangular flexible cells to perform the computation. To generate mesh, shoreline is essential. Shoreline can be extracted from satellite images using ARC View/ARC GIS or from MIKE-C Map. In case of BoB model shoreline is extracted from satellite images. Area included inside the shoreline represents a polygon (Figure 1 ). In case of BoB model one polygon should not be used. If coarser resolution is used for whole area then the estuary cannot be represented properly. Again if finer resolution is used to represent the Meghna estuary then the total number of computational points will be increased and simulation time will be higher. To avoid this situation and to represent the Meghna estuary properly, total model area is divided into four polygons of different resolution as shown in Figure 2 . The resolution varies from 5400m x 5400m and 1800m x 1800m in the deep Bay of Bengal, through 600m x 600m in the Meghna Estuary and 200m x 200m in the areas of special interest. For bathymetry generation the measured and generated land level data were incorporated with the mesh and by applying the interpolation method, elevation in each and every point of the modeled area were calculated. The generated bathymetry is shown in Figure 3 . 
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Boundary conditions of the model
There are two open boundaries in the model, one is in the Lower Meghna River at Chandpur, which is northern boundary and another one is in the Bay of Bengal that is southern boundary as shown in Figure 3 . Observed water level at Chandpur station has been used in the northern open boundary. Predicted or generated water level using Global Tide Model of two stations namely Vishakhapatnam (India) and Gwa Bay (Myanmar) was used for south open boundary. For sediment transport model, in the upstream boundary on the Lower Meghna River, suspended concentration of 350 mg/l has been applied. Zero sediment concentration has been assumed at the south boundary. Initial sediment concentration in the Meghna Estuary is also based on the field measurement. 
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Remote sensing technology in morphology model calibration
Remote sensing technology is often applied for monitoring ocean water quality which involves mainly the estimation of suspended sediment concentration from sensor-derived radiance. Landsat Thematic Mapper (TM) imagery has been proven to be effective in mapping temporal and spatial variations in environment within large water bodies (Ray et al., 2013) . For calibration of sediment transport model of Bay of Bengal, the available data and information are often scattered and limited. So, for better calibration of morphology model, generation of sediment concentration data can be made by using satellite image.
For accomplishing this objective, a correlation was established between DN values generated from image and observed turbidity. This relationship will be used to generate turbidity by using DN value of model simulation period, which can be easily extracted from simulation period image. This turbidity data will be used to calculate sediment concentration data since there is established relationship between turbidity and sediment concentration. Now the sediment transport model may be calibrated against sediment concentration data obtained from satellite image to bring the model performance to a satisfactory level.
Method of generating DN Values
The 
III. Results and Discussion
In order to include the transport and deposition processes of fine-grained material in the modelling system, it is necessary to integrate the description with the advection-diffusion equation caused by the water flow (DHI 2012). In the MIKE 21 Flexible Mesh, FM modelling complex, the transport of fine-grained material (mud) has been included in the Mud Transport module (MT), linked to the Hydrodynamic module (HD). In other words the cohesive sediment transport module is coupled to the hydrodynamic module and they run in parallel. The governing equation for sediment transport is solved on the same mesh and applies information on water levels and currents from the hydrodynamic module to calculate the sediment transport.
Calibration results of morphology model with observed data
Calibration of morphology model using remote sensing technology
Cohesive sediment transport calculations are influenced by significant uncertainties, and cohesive sediment transport modelling is still an empirical science. At the same time the required information is often scattered and limited. Moreover, data used for calibration purpose is not continuous and not available for long duration say even for a complete tidal cycle. So the calibration results are always not coming according to expectation. To overcome such situation effort has been made to generate sediment concentration data with the help of remote sensing technology and calibrate the sediment transport model with this generated data in a better way.
To do so, a correlation has been established between observed turbidity in the field for a specific time and DN values extracted from satellite image for the same time. For this case, 17 th December, 2013 image was used and it is shown in Figure 5 (a) . DN value has been calculated for six different bands (B1-B6), are shown in Table 1 . But for establishing correlation with turbidity, DN value of Band 2 has been used since this band corresponds to turbidity of water body of an image. The relationship plot of turbidity and DN value has been shown in Figure 5 . With generated equation. Now, by using this correlation, turbidity has been calculated from the DN value of images of simulation period to calibrate the sediment transport model. These images for generating concentration data are shown in Figure 5 Lewis and Eads (2001) also reported there is a linear relationship between turbidity and total suspended sediments (TSS). They showed that, TSS = 0.95 * turbidity for river water. In the present study for coastal water, turbidity was multiplied by 1.15 to obtain sediment concentration in mg/l following the study of Hung et.al. (2014) .
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IV. Conclusion
The calibration results with the approach of using remote sensing technology shows good agreement with the model generated sediment concentration. So this technique may be used for calibration of sediment transport model, where the observed data are not available. For this purpose satellite image should be recorded in regular basis to produce turbidity data. Moreover a relationship should be established particularly for the Bay of Bengal to convert the turbidity data in to sediment concentration. This may be done by collecting the turbidity data and sediment data for same time in the same region.
